Summary. The monoclonal antibody FDO161G reacts with a 43-kDa protein found in human extravillous trophoblast, syncytiotrophoblast, adrenal cortex, interstitial cells of the testis and ovarian follicle cumulus cells. cDNAs for this protein have been isolated from the lambda gt11 library, sequenced, and expressed in COS-7 cells. The protein was identified as 3\g=b\-hydroxy-5-ene steroid dehydrogenase (HSD). The sequence of the HSD protein raises questions about its association with cell membrane systems. The lack of reactivity of FD0161G with other tissues suggests that HSD has a limited tissue distribution and that other enzymes may exist in peripheral tissues, which can convert \g=D\5 3-hydroxysteroids to \g=D\43-ketosteroids.
Introduction
The proteins of the plasma membranes of human trophoblast have attracted investigation for a variety of reasons, including materno-fetal immunology, developmental cell biology, membrane transport and membrane receptors, and the isolation of oncofetal proteins. As a consequence, a large panel has been generated of monoclonal antibodies that react with and define a range of epitopes expressed on plasma membrane proteins. An early compilation of such antibody specificities is in Anderson et ai (1987) and more-recent (Mueller et ai, 1987) . It We report here the molecular cloning and expression of the cDN A for the protein encoding the FD0161G epitope and identify the protein as a key enzyme in hormonal steroidogenesis.
Materials and Methods
Purification of FD0161G protein The FD0161G monoclonal antibody was coupled to cyanogen bromide (CNBr) activated Sepharose 4B (Pharmacia Biosystems, UK) as described by the manufacturers. The monoclonal antibody was purified from murine ascites fluid by precipitating with an equal volume of 25% (w/v) polyethylene glycol 6000 followed by DEAESephacel ion-exchange chromatography using a linear 0-300mM-NaCl gradient in 20mM Tris buffer, pH 80 with 0-02% (w/v) The immuno-afhnity beads (2 ml + 2 ml nonderivated Sepharose 4B/41 homogenate) were incubated in batches for 48 h with the solubilized trophoblast preparation. The beads were then recovered by centrifugation at 200 £ for 5 min and transferred to columns for washing with fresh homogenization buffer. The immobilized antigen was eluted with 3 volumes lOOmM glycine-HCl, pH 2-5 buffer, containing 005% (w/v) sodium azide and 8mM CHAPS. The eluate was immediately neutralized with 1 -5mM Tris-HCl buffer, pH (100 µ /ml eluate). The purity of the isolated protein was assessed on sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). SDS-PAGE was performed essentially according to the method described by Laemmli (1970) except that a linear 10-20% polyacryla¬ mide gel gradient was used. SDS-PAGE gels were stained with Coomassie Blue R-250. The isolated protein was quantitated using an LKB laser densitometer. SDS-PAGE gels were dried onto Whatman 3 MM chromatography paper using a Hoeffer gel dryer. (Murphy et al, 1987) . Using this system, 1-2 pmol of amnio acid derivatives can be accurately determined.
To determine the amino acid sequence of the protein, the FD0161G antigen was cleaved with the endoproteinase Protease V8 (Boehringer Mannheim) Sheep antiserum sampled at week 8 was affinity purified by passage over the electroeluted protein immobilized on Sepharose. The electroeluted protein (~1 mg) was coupled to 2 ml CNBr-activated Sepharose 4B as described for the monoclonal antibody. Antiserum diluted 1 in 5 with 20mM Tris buffer, pH 80 containing 150mM-NaCl and 002% (w/v) sodium azide was incubated with the beads overnight. After thorough washing with buffer in a column, bound antibody was eluted with glycine buffer and subsequently neutralized as described above. The efficiency of the antibody purification was examined by diaminobenzidine staining intensity on placental tissue sections (Mueller et al, 1987) .
Molecular cloning
A lambda gtll library containing 1-5 106 independent clones was constructed from term placental mRNA by oligo(dT)-primed reverse transcription (Maniatis et al, 1982; Sambrook et al, 1989 ). The library was immunoscreened (Young & Davies, 1985) with affinity purified polyclonal antibodies to the 161G protein at a dilution of 1/50 (001 mg/ml). The second antibody was rabbit antisheep IgG (heavy and light chains) conjugated with alkaline phosphatase. It was used at a dilution of 1/5000 (0-14 pg/ml). Colour was developed with 5-bromo-4-chloro-3 indolyl phosphate and nitroso-blue tetrazolium (Promega Corporation: protoblot-immunoscreening system). Lytic plaques were screened with cDNA probes (Maniatis et al, 1982) . Probes were labelled by random priming (Feinberg & Vogelstein, 1983) (Lopata et al, 1984; Ausubel el al, 1987) . For panning (Seed & Aruffo, 1987) , bacteriological culture dishes (Falcon) were prepared using an affinity-purified, goat antimouse Ig (Sera-Labs). The (Fig. 1) . Clone 1/6 was used as a probe to isolate further clones from the original library by screening lytic plaques. Confirmed positive plaques were found at a frequency of 3 10~4 and 48 of these were assessed for insert size by PCR. Clone B3 was 1562 bp long. Restriction mapping showed that it included the sequence of clone 1/6 (Fig. 1) . Clone B3 contained a complete open reading frame beginning with an AUG codon in a good consensus sequence for translational initiation (Kozac, 1983) . This was preceded by 33 bp of 5' untranslated sequence containing a stop codon and an in-frame ATG at position 28. The latter ATG was in a weaker consensus sequence for translational initiation (Kozac, 1983 Nine independent cDNA clones were isolated from the library by probing with clone 1/6. They represented two sequence variants at codon 338 of the open reading frame. Six clones contained the sequence CGA GAT GTG for codons 336-338; and 4 had the sequence CGA GAT 7TG The first sequence contains a Bgñl restriction site (AGATCT); both sequences encode the amino acid se¬ quence arg, asp and leu. All the clones were sequenced for 80 bp around this site and no other sequence variation was found. There is now evidence that this variation in codon 338 is a common polymorphism (Russell et ai, 1991) .
Clone B3 was transferred to the EcoRI site of the mammalian expression vector pcDNAl and the construct was transfected into COS-7 cells. Control transfections were carried out using either no DNA, vector DNA alone, or CD2 (Seed & Aruffo, 1987) . After 2 days the cells were extracted, cytospun onto slides, fixed and stained with FD0161G. About 5% of cells were positive for FD0161G (Fig. 2) . The staining was strong; background staining was negligible. Panning with immobilized antibody and immunofluorescence on cells in solution gave no indication that the FD0161G was on the outside of the COS cell. Sections of human skin, liver and placenta were tested with the FD0161G antibody; only placental trophoblast stained positively (Fig. 3) . 
Discussion
We have shown that clone B3 contains an open reading frame encoding a polypeptide that can be expressed in COS-7 cells and detected with FD0161G. In-situ hybridization located the gene corresponding to clone 1/6 to chromosome lpl31 (Morrison et ai, 1991) , within the region to which 3ß-hydroxysteroid dehydrogenase-5-ene-isomerase (HSD) had been localized (Berube et ai, 1989) . We subsequently found that clones B3 and 1/6 had a nucleotide sequence identical to the open reading frame and 3' untranslated sequence of HSD (The et ai, 1989) , with the exception of the polymorphic site in codon 338 (Russell et ai, 1991) .
The pattern of histological staining shown by FD0161G (Mueller et al., 1987; and U. W. Mueller, unpublished) agrees closely with that reported for the localization of HSD activity, namely in adrenal, ovarian follicle cumulus cells, interstitial cells of the testis and placenta (Zoller & Weisz, 1978 , 1979 Ishii-Ohba et ai, 1986a, b; Ishimura et ai, 1988; Thomas et ai, 1989) . The agreement between these immunochemical and enzymatic studies is in marked contrast to the claims that HSD activity is found in other tissues such as human skin and liver (Bongiovanni, 1984; Parks etai, 1971; Rosenfield etai, 1980; Pang etai, 1983 Pang etai, , 1985 . No staining with FD0161G was observed in these tissues. Since the specificity of this monoclonal antibody has been demonstrated in transfected COS cells (Fig. 2) possibility that alternative enzyme activities exist in these tissues. Three different forms of HSD have been described in rat with wider tissue distributions (Zhao et ai, 1990 (Zhao et ai, , 1991 (Wierenga et ai, 1986) lies at the amino terminus, from Ser5 to Asp36. The central portion of this HSD sequence is GXGGXXG (residues 10-16), which resembles the consensus: GXGXXG (Wierenga et ai, 1986 (Ikuta et ai, 1986) . The significance of the extra residue in the HSD consensus is not clear. The isomerase activity of HSD requires NAD or NADH as an allosteric effector. We are making site-directed mutations in the GXGGXXG sequence to find out which glycines are required and whether mutations affect the dehydrogenase and isomerase activities equally. The enzyme HSD has been regarded as an integral membrane protein of the endoplasmic reticulum and is commonly purified from microsomal extracts of cells (see Ishii-Ohba et ai, 1986a, b; Ishimura et ai, 1988; Thomas et ai, 1989 Ishimura et ai, 1988; Thomas et ai, 1989) , even though immuno-electron microscopy has failed to detect HSD in bovine adrenal mito¬ chondria (Ishimura et ai, 1988) . However, this issue will depend on whether the weakly basic amino-terminal section of HSD (Table 1) 
